Introduction {#S0001}
============

Refractory headache is a term used to describe several headache subtypes that are defined as being resistant to treatment or are intractable.[@CIT0001] Common refractory headache subtypes include primary headaches such as migraine, tension, and cluster headache, as well as secondary headaches attributable to trauma, inflammation, and infection.[@CIT0002] Refractory secondary headaches can be debilitating, leading to unanticipated emergency room visits and hospital admissions. Pharmacologic treatment of secondary headache has several limitations due to drug interactions, contraindications, allergies, and intolerable side effects. Regional anesthesia has been shown to provide prompt, complete, and prolonged relief of refractory primary headaches and their associated autonomic symptoms.[@CIT0003],[@CIT0004] However, there is a paucity of evidence for the use of peripheral nerve blocks in the treatment of intractable secondary headache, except for greater occipital nerve block for postdural puncture headache (PDPH) and cervicogenic headache.[@CIT0005]--[@CIT0008] Greater occipital (GON), lesser occipital (LON), and supraorbital nerve (SON) blocks, as well as stellate and sphenopalatine ganglion (SPG) blocks, have successfully treated secondary headaches, although this literature is limited to retrospective studies, small case series, and case reports.

A recently described fascial plane block that has successfully terminated primary headaches is the erector spinae plane (ESP) block. The ESP block was first reported in 2016 by Forero et al as an ultrasound-guided fascial plane block used to treat chronic thoracic pain.[@CIT0009] Local anesthetic injected in the plane between the transverse process (TP) and the erector spinae muscles spreads in a craniocaudal direction, anesthetizing the dorsal and ventral rami of adjacent spinal nerves. Twenty milliliters (mL) injection of 0.5% ropivacaine over the fifth TP resulted in analgesia of intercostal nerves 3--9. Since then, the ESP block has been reported at many different spinal levels and has been used to provide acute post-surgical pain relief for cervical spine, thoracic spine, lumbar spine, shoulder, abdomen, pelvis, thorax, and lower extremity surgeries.[@CIT0010]--[@CIT0016] A report by Ueshima et al noted relief of tension headache in two patients following the use of T4 ESP block.[@CIT0017] In this manuscript, we report four cases in which bilateral T4 ESP blocks provided significant relief of headaches secondary to various pathologies.

Methods {#S0002}
=======

Procedural consent and pre-procedure pain scores were obtained using the numerical pain scale (NPS) by the acute pain service. Patients were transferred to the block room, connected to pulse oximetry, non-invasive blood pressure and continuous electrocardiographic monitors and positioned in left lateral decubitus. A high-frequency linear or low-frequency curvilinear transducer (SonoSite, Bothell, WA) was placed in a sagittal plane over the 4th TP. The TP, pleura and erector spinae muscles were identified on ultrasound, as in [Figure 1](#F0001){ref-type="fig"}. After skin sterilization, a 22-gauge blunt-tipped echogenic needle (BBraun, Bethlehem, PA) was advanced in-plane from caudal to cranial until the needle made contact with the T4 TP. Normal saline was used to confirm needle tip location in the plane between the erector spinae muscles and TP. Twenty mL of 0.25% bupivacaine with 2--4 mg of preservative-free dexamethasone was injected into the plane bilaterally, aspirating every 5 mL to ensure that the needle tip had not been placed intravascularly or intrapleural. Patients were monitored for 30--60 mins after the procedure. All patients provided written informed consent for publication of details regarding their case, including publication of images. The institutional research ethics committees at both our affiliated hospital, the Clinical Innovation and Research Institute of Memorial Hermann Hospital, and our university, the Center for the Protection of Human Subjects at UTHealth Houston, have reviewed and approved of this study.Figure 1Patient ultrasound.**Abbreviations:** TM, trapezius muscle; RMM, rhomboid major muscle; ESM, erector spinae muscle; T4 TP, thoracic 4 transverse process.

Case 1 -- Meningitic Cervical Pain and Headache {#S0002-S2001}
-----------------------------------------------

A 29-year-old female presented with signs and symptoms of acute meningitis, notably severe headache with nuchal pain and rigidity. Lumbar puncture was performed by the neurology service with a 3.5-inch 22-gauge needle at the L2-L3 spinal interspace and cerebrospinal fluid (CSF) was obtained. Opening pressure was 18 mm H~2~O, closing pressure 12 mm H~2~O, with a total of 12 mL of clear CSF drained. Results from the fluid analysis showed Herpes Simplex Virus 2 (HSV2) meningitis without encephalitis. The patient received a course of intravenous acyclovir and transitioned to an oral antiviral regimen, but was unable to be discharged due to severe uncontrolled headache and neck pain.

Throughout the patient's hospital course, her head and neck pain were poorly controlled on both oral and intravenous analgesic medications. She described her headache as throbbing and circumferential, with increased intensity in the left frontal region. Headache was associated with severe posterior neck pain radiating to the upper back. She rated her headache pain at a level of 10 out of 10 using a 10-point numerical pain scale (NPS). Initially, she was started on scheduled acetaminophen-codeine 600--60 mg every 6 hrs, naproxen 500 mg twice daily, and tramadol 100 mg every 6 hrs; this regimen provided minimal relief for her pain. Immediate-release oral morphine 15 mg every 12 hrs and pregabalin 50 mg every 8 hrs were added without any benefit.

Acute Pain Management Service (APMS) was consulted because the primary service was unable to discharge the patient on hospital day seven due to uncontrolled pain. The patient initially endorsed severe headache and neck pain exacerbated by bright lights and sitting in an upright position with minimal relief from medications. Given that she had undergone LP 3 days prior to APMS evaluation, and the positional nature of the headache, a diagnosis of post-dural puncture headache (PDPH) was considered. However, she was not a candidate for an epidural blood patch (EBP) because of her meningitis. The patient was started on caffeine-acetaminophen 200--650 mg every 6 hrs, with oxycodone 5 mg by mouth every 4 hrs as needed for breakthrough pain.

The patient's headache and cervical pain were not relieved with this regimen, so the decision was made to perform bilateral T4 ESP blocks as described above on hospital day number eight. There were no complications from the procedure. Thirty minutes after the block was completed, the patient reported that the neck pain had decreased from a level of 10 on the NPS to a 2, and that the headache decreased from a level of 7 on the NPS to 0. She was able to sit upright and perform a valsalva and rotate her neck without exacerbation of the headache or cervical pain, which she had previously been unable to do. She also reported that neck stiffness was alleviated. All opioids were discontinued and she was discharged home the following day. She was contacted approximately 1 month after discharge and reported that her headache never returned.

Case 2 -- Headache Following Craniotomy for Pineal Cyst Resection {#S0002-S2002}
-----------------------------------------------------------------

An 18-year-old obese female with a body mass index of 33.4 and a history of irritable bowel syndrome (IBS) and severe gastroparesis presented to APMS during readmission for inability to tolerate oral intake following supracerebellar transtentorial resection of 10 cm pineal cyst. Patient's incision is shown in [Figure 2](#F0002){ref-type="fig"}. She had been discharged home on postoperative day (POD) two and readmitted for severe headache, nausea, vomiting, and constipation on POD three. The headache was primarily localized to the frontal region with associated photophobia. Neurologic exam was nonfocal, and imaging of the head revealed expected postoperative changes. She was started on acetazolamide 500 mg BID, dexamethasone 10 mg intravenously followed by 4 mg every 6 hrs. LP was performed for assessment of opening pressure, which was found to be elevated at 29 cm of water pressure; profile of CSF obtained during the LP was not consistent with infection or aseptic meningitis. Pain was initially managed by the primary team with as-needed acetaminophen, acetaminophen-hydrocodone, ibuprofen, ketorolac, and fentanyl. APMS was consulted for narcotic-sparing pain control due to her severe gastroparesis, constipation, vomiting and IBS; she was started on a multimodal regimen of scheduled acetaminophen, gabapentin, ketorolac, and dronabinol, with tramadol 50 to 100 mg every 4 hrs as needed for breakthrough pain with the minimal improvement of pain score on NPS. Bilateral T4 ESP blocks were performed to augment the narcotic-sparing multimodal pain regimen. Within 10 mins following completion of the block, patient reported complete relief of headache. During follow-up evaluation the following day, the patient continued to rate her pain as a zero out of 10 on the VAS pain scale. During follow-up phone call 1 month after discharge, the patient reported that her headache recurred approximately 2 weeks following discharge, but never reached the level of her pain prior to the ESP block.Figure 2Pineal cyst resection -- craniotomy incision.

Case 3 -- Chronic Headache and Scalp Pain After Craniotomy {#S0002-S2003}
----------------------------------------------------------

A 70-year-old male with a past medical history of peripheral artery disease, four coronary artery stents, two prior arterial ischemic strokes with residual right-sided weakness, anterior communicating artery aneurysm with several failed endovascular coilings, intracerebral hemorrhage, and subsequent right craniotomy for open aneurysm clipping 4 years prior to admission presented with a severe headache. He endorsed chronic moderate headache, scalp, and facial pain that was being managed by both a neurologist and a chronic pain specialist on an outpatient basis. He had been prescribed several different medical regimens including antidepressants, muscle relaxants, anticonvulsants, and narcotics without adequate pain relief. He had also undergone several trigger-point injections which failed to provide pain control. He was admitted due to an increase in severity of headache with a new onset of nausea.

Upon evaluation by APMS, his headache was throbbing in nature, primarily localized to the frontal and occipital regions. His scalp pain was sharp and radiated from the incisional scar on the right side of his head caudally along the right side of his face and neck; it fluctuated in severity from a five to 10 on a 10-point pain NPS. He was evaluated by the neurology service and placed on a scheduled regimen of acetaminophen 650 mg by mouth every 6 hrs, tramadol 50 mg PO every 8 hrs, as well as as-needed cyclobenzaprine 10 mg every 8 hrs, and one-time intravenous doses of methylprednisolone 1 mg, morphine 4 mg, and zofran 4 mg. Despite this regimen, he continued to have uncontrolled head and neck pain with nausea.

Due to the failure of initial pain management, the neurology team consulted APMS for further assistance. At the time of consultation, the patient reported 10 out of 10 right-sided facial pain, neck pain and headache. Bilateral T4 ESP blocks were performed as previously described without complications. The patient reported improved pain from his headache within 15 mins of completion of the block. A follow-up evaluation was performed roughly 1 hr following the procedure, and the patient continued to report complete alleviation of his headache, along with scalp and neck pain.

Case 4 -- Acute on Chronic Headache Following Craniotomy {#S0002-S2004}
--------------------------------------------------------

A 58-year-old male who had undergone resection of a brainstem cavernous sinus arteriovenous malformation 3 months prior to admission, but had recurrent bouts of aseptic meningitis resulting in headache. This headache was responsive to steroids and oral hydrocodone-acetaminophen 10/325 mg every 4 to 6 hrs. It was believed that this was likely due to an allergic reaction to the synthetic dural patch used during closure, so he was readmitted for removal of the synthetic dural patch and replacement with native graft from his fascia lata. Immediately postoperatively he endorsed a pain score of 10 on the NPS; he characterized his headache as occipital and frontal in location, with an extension down the posterior aspect of his neck. His post-operative headache and incisional pain were unresponsive to intravenous and oral medications, including acetaminophen 1000 mg, hydromorphone 3 mg, fentanyl 350 mcg, and ketamine 50 mg, oxycodone 5 mg, gabapentin 300 mg, and methocarbamol 1000 mg. Due to his uncontrolled pain, he was unable to be transferred from the post-anesthesia care unit to the neurosurgical unit. APMS was consulted for intractable headache, and performed bilateral ultrasound-guided T4 ESP blocks as previously described. Fifteen minutes following the block he endorsed a reduction in his pain score from 10 to 2. He was monitored for 30 mins following completion of the block and was then transferred to the neurosurgery unit. On postoperative day 1, the patient reported improved functional status and mobility, with a headache pain score of four.

Discussion {#S0003}
==========

Cervical and high thoracic ESP has been described at multiple spinal levels including at C7 for shoulder disarticulation surgery, T2 and T3 for chronic shoulder pain, axillary pain, and cervical spine surgery, as well as at T4 for tension headaches and carotid endarterectomy surgery.[@CIT0017]--[@CIT0022] Although the ESP block is currently primarily used for acute thoracoabdominal pain, it may also be a reasonable adjunct therapy when conventional treatment for headache and cervical pain fail. We reported four cases in which bilateral T4 ESP blocks provided significant relief of head and neck pain and secondary headache.

Peripheral nerve blocks and ganglion blocks are established treatments for primary and some secondary headaches. GON blocks have been used to treat migraine, occipital neuralgia, cluster, cervicogenic, post-concussive, and post-dural puncture headaches.[@CIT0023]--[@CIT0029] SPG block has also been used to relieve headaches, including migraine, cluster and PDPH.[@CIT0029]--[@CIT0033] Stellate ganglion blockade was studied in the treatment of posttraumatic headache.[@CIT0034] ESP blocks have demonstrated effectiveness in relieving tension headaches, a type of primary headache.[@CIT0017] This is the first case series reporting successful treatment of secondary headaches with ESP blocks.

For the patient in case one, we opted not to utilize an SPG block since the patient reported greater pain scores in her neck than her head, and we hypothesized that the ESP block would more adequately cover the two regions than the SPG block. In case two, the decision to perform ESP blocks was made due to the location of the surgical incision (see [Figure 1](#F0001){ref-type="fig"}), which limited access for GON and LON blocks. The patient in case three presented with post-craniotomy head and neck pain with no dermatomal pattern, which was refractory to medical management for almost 4 years. ESP block was performed given the dual location of pain in his head and neck. The patient in case four also endorsed pain in the head and neck which we believed would be amenable to ESP blockade.

Most regional anesthetic techniques used to relieve headaches are simple to perform and involve small amounts of local anesthetic.[@CIT0035] The transnasal SPG block can be performed with an intranasal catheter or by inserting a local anesthetic soaked cotton-tipped applicator above the middle turbinate until contact is made with the posterior nasopharynx. GON and LON blocks can be performed with landmark technique or ultrasound-guidance and require less than 5 mL of local anesthetic per side. Supraorbital, supratrochlear, and auriculotemporal nerve blocks are landmark-based and are performed with one or two mL of local anesthetic. However, high thoracic ESP blocks require ultrasound-guidance to ensure proper injection of a large volume of local anesthetic, usually 20 mL per side, into the correct fascial plane between muscles, as intramuscular injection of local anesthetic will result in block failure. When injecting high doses of cardiotoxic local anesthetics, it is recommended to use standard American Society of Anesthesiologists monitors and have appropriate resuscitation medications (ie lipid emulsion) and intubation equipment readily available. Despite the ESP block being perceived as technically simple, pneumothorax has been reported.[@CIT0036],[@CIT0037] Two alternative scanning and needling approaches have been proposed to prevent pneumothorax during ESP block. Aksu et al recommend placing the ultrasound probe in the transverse position and inserting the needle out-of-plane; however, the pleura can still be violated with this technique.[@CIT0038] To prevent inadvertent pleural puncture, an in-plane approach visualizing the needle tip at all times is preferred as described by Piraccini et al.[@CIT0039] With cervical and high thoracic ESP block, there is a concern for phrenic nerve blockade and associated respiratory distress. Because we performed bilateral ESP, we chose high thoracic over cervical ESP. There are far more reports of T4 ESP than cervical ESP. Phrenic nerve blockade after high thoracic ESP has been examined in a study by Ueshima et al, and despite visualization of the spread of local anesthetic to the cervical nerve roots, hemidiaphragmatic paresis has not been shown. The investigators retrospectively analyzed the rate of hemidiaphragmatic paresis after T4 ESP block for carotid endarterectomy: the study concluded that high thoracic ESP block did not anesthetize the anterior branches of the cervical spinal nerves or phrenic nerve.[@CIT0040] Paravertebral spread of local anesthetic is likely after ESP block as evidenced by the following complications: Harlequin syndrome, a self-limited partial autonomic neuropathy after a T3 ESP block, and an unexpected bilateral sensory deficit after T9 ESP block have been reported and attributed to paravertebral spread.[@CIT0041],[@CIT0042] Thus, patients should not be considered as candidates for high thoracic ESP if they would not tolerate a high thoracic epidural or paravertebral block. The American Society of Regional Anesthesia (ASRA) Guidelines recommend avoiding deep peripheral nerve blocks in anticoagulated patients.[@CIT0043] Although concerns regarding the risks of epidural hematoma after ESP block have been raised, there are no major neurovascular structures in the area of injection and are no reported cases of ESP block causing clinically significant bleeding.[@CIT0044] Local anesthetic spread into the paravertebral space may occur due to high pressures achieved during manual injection with a syringe, however, should vascular injury occur during the ESP block, it is unlikely that bleeding from a vessel would achieve the same level of pressure, and spread into the epidural space. ESP block should be performed by a physician experienced with ultrasound-guided regional anesthesia techniques, and management of possible complications.

Interventional headache management includes trigger-point injections, peripheral nerve stimulators, as well as peripheral nerve and ganglion blocks using steroids, local anesthetics and other adjuvants. ESP block is generally performed using long-acting local anesthetics with or without steroids. It has been suggested that local anesthetics break the headache cycle through central pain modulation at the level of the spinal cord by lowering peripheral afferent excitability and blocking synaptic transmission.[@CIT0045] Another proposed mechanism of action is autonomic blockade including both sympathetic and parasympathetic nuclei which leads to control of intracranial vasomotor function. Local anesthetics also have significant anti-inflammatory properties, blocking the release of cytokines and interfering with the migration of inflammatory cells.[@CIT0046] We believe the local anesthetic injected in a T4 ESP blocks the upper cervical nerve roots via the trigeminocervical complex disrupting central sensitization implicated in headaches, meningeal inflammation and referred pain.[@CIT0008] Despite the varying etiology of secondary headaches, it is possible that the end result is activation and excitation of the autonomic system and trigeminocervical complex, and thus treatment with local anesthetic injected in an ESP block ameliorates headache pain as described above.

Conclusion {#S0004}
==========

When medical management is inadequate, several interventions have been described for the treatment of headache, especially primary headaches. The ESP block may be an additional tool in the treatment of medically refractory secondary headaches and should be considered over other peripheral nerve blocks in patients with concomitant neck pain in addition to severe headache. There is growing literature for the efficacy of ESP block and refractory or intractable secondary headache management is another potential indication.
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